Abstract-Processes of water vapor sorption by medicinal chitosan films and the kinetics of release of anti biotics of the cephalosporin series from these films have been studied. It has been found that the structural changes in the polymer matrix that are related particularly to its chemical modification via the interaction with drugs are the most probable cause of the deviation of the mass transfer mechanism from the classical Fick's mechanism.
INTRODUCTION
The natural polysaccharide chitosan has some valuable properties: namely, nontoxicity, biocompati bility with living tissues, high physiological activity, biodegradability, and a good sorption capacity. Among the unambiguous advantages of chitosan is its good solubility in acidic aqueous media with the formation of viscous film forming solutions. Thus, the use of chitosan as a matrix for immobilization of drugs for wound healing is very promising. The pharmacological preparations bound to polymers are much less toxic [1] ; moreover, the polymer form of a drug makes it possible to increase and control the drug release time. The aim of this study was to investigate the transport properties of chitosan based films.
EXPERIMENTAL
In the experiments, chitosan samples (ZAO Bio progress, Russia) were prepared via alkaline deacetyla tion of crab shell chitin (degree of deacetylation of 84%, М sd = 334 × 10 3 ). The following antibiotics of the cephalosporin series were used as drug prepara tions.
Cefotaxime sodium salt (CFT)
Ceftazidime sodium salt (CFD)
To form chitosan acetate film samples, a 1% poly mer solution in 1% acetic acid was poured on a glass surface. An antibiotic aqueous solution was added to the chitosan solution immediately before film forma tion. The drug content in a film was as high as 0.01, 0.05, or 0.1 mol/mol chitosan units. Throughout all experiments, the film thickness was constant and equal to 100 μm. The film samples were subjected to isothermal annealing at 120°С for a fixed period of time. 
where m ∞ is the relative amount of water in an equilib rium swelled film sample, k is a constant related to the parameters of polymer-diffusate interaction, and n is a parameter characterizing the mechanism of trans port of a low molecular mass substance in the film. The diffusion coefficients of low molecular mass components in films were determined with the use of Fick's second law [3]: 
The kinetics of drug release under thermally con trolled conditions (Т = 36°С) was studied via place ment of a sample (0.005 g) in a cell with 10 mL dis tilled water. An antibiotic released into the aqueous phase was recorded with a spectrophotometer at a wavelength corresponding to the maximum of drug absorption in the UV region. The amount of drug, G s , released from the film up to time t was estimated from the calibration curve. The time at which a constant concentration of drug, G ∞ , was established was taken as the instant of equilibrium attainment. Exponent m, analogous to exponent n in Eq. (1), was found from the tangent of the slope of the ln(G s /G ∞ )-lnt dependence. The diffusion coefficients of drugs in long and short experiments were calculated with formulas analogous to (3a) and (3b). The weight fraction of a drug capable of diffusion, α, was estimated as the ratio of the maxi mum amount of the antibiotic released from a film to the amount of drug introduced in the film.
To determine the weight fraction of a drug bound to a polymer matrix, β, the products of the interaction of chitosan with the antibiotic were isolated via double precipitation from a solution in acetic acid into a NaOH solution followed by washing of the precipitate with ethanol. The precipitate was dried up to a con stant weight. The content of the drug bound with the chitosan matrix was determined from the data of ele mental analysis (for sulfur) on a EUKO EA 3000 ana lyzer.
The surface structures of films were studied via laser scanning microscopy on a Carl Zeiss LSM 5 Exciter microscope (Germany).
RESULTS AND DISCUSSION
In the case of medicinal films, the possibility of drug transport into the medium is provided by the pri mary process of film swelling via water sorption. If the transport of a low molecular mass substance (in our case, water vapor) into a film proceeds via the diffu sion mechanism, exponent n in kinetic Eq. (1) must approximate 0.5 [2] . The processing of the kinetic curves of water vapor sorption by chitosan films (Fig. 1 ) in double logarithmic coordinates allows cal culation of n. For the pristine chitosan films, n = 0.63 (above 0.5), a value that is typical of polymers in the state below the glass transition temperature [4] . This circumstance is related to retarded relaxation pro cesses in glassy polymers. If a film sample of chitosan is subjected to isothermal annealing accompanied by the relaxation of nonequilibrium conformations of macrochains, at a short annealing time (15-30 min), n decreases and approximates 0.5 (Table 1) . The latter fact suggests that water transfer is limited by diffusion, which, under these conditions, obeys Fick's law. How ever, if the heating time is increased to 60-120 min or 
